There is rising incidence and prevalence of inflammatory bowel disease (IBD) in India topping the Southeast Asian (SEA) countries. The common genes implicated in disease pathogenesis in the West are not causal in Indian patients and the role of "hygiene hypothesis" is REVIEW Submit a
unclear. There appears to be a North-South divide with more ulcerative colitis (UC) in north and Crohn's disease (CD) in south India. IBD in second generation Indian migrants to the West takes the early onset and more severe form of the West whereas it retains the nature of its country of origin in migrants to SEA countries. The clinical presentation is much like other SEA countries (similar age and sex profile, low positive family history and effect of smoking, roughly similar disease location, use of aminosalicylates for CD, low use of biologics and similar surgical rates) with some differences (higher incidence of inflammatory CD, lower perianal disease, higher use of aminosalicylates and azathioprine and lower current use of corticosteroids). UC presents more with extensive disease not paralleled in severity clinically or histologically, follows benign course with easy medical control and low incidence of fulminant disease, cancer, complications, and surgery. UC related colorectal cancer develop in an unpredictable manner with respect to disease duration and site questioning the validity of strict screening protocol. About a third of CD patients get antituberculosis drugs and a significant number presents with small intestinal bleed which is predominantly afflicted by aggressive inflammation. Biomarkers have inadequate diagnostic sensitivity and specificity for both. Pediatric IBD tends to be more severe than adult. Population based studies are needed to address the lacunae in epidemiology and definition of etiological factors. Newer biomarkers and advanced diagnostic techniques (in the field of gastrointestinal endoscopy, molecular pathology and genetics) needs to be developed for proper disease definition and treatment.
EPIDEMIOLGY
In North America and northern Europe (areas with highest IBD occurrence), the incidence of UC and CD (6-12/10 5 [3] [4] [5] . Recent reports show IBD to be rising in Asia albeit much less than Europe [6] . In India the first case of CD was reported about 23 years after UC though in surgical specimen [1] . Since then 2 epidemiologic studies have been conducted in north India on UC only [7, 8] . A house to house survey of 4796 houses including 21921 persons (> 14 years age) in Haryana state revealed 10 cases (5 each in both sexes) which gave a prevalence of 45.5/10 5 population (42.8/10 5 for males and 48.6/10 5 for females) [7] . In a later study from the neighbouring state of Punjab [8] where cluster sampling method was employed the crude incidence and prevalence of UC was found to be 6.02/10 5 and 44.8/10 5 population which was the highest in Asia but still less than that of North America and Europe. This was similar to the prevalence reported in the study 17 years earlier indicating stability over time. There have been no epidemiologic study from any other parts of India though the recent IBD task force data [9] fulfils some of the gaps especially for CD. The IBD Task Force was set up in 2003 to collect data prospectively by questionnaire method from all over India. Participants were all qualified gastroenterologists from all corners of India. Of 1159 questionnaires analysed, UC: CD was 750:409 and region wise distribution were North 220 (148:72), East 159 (90:69), Central 255 (227:28), South 466 (235:231), West 59 (50:9). Thus CD was much higher in the south followed by east compared to other regions. Most of this data was however hospital based.
Other indirect evidence of prevalence comes also from hospital based series on diarrhoea, GI bleed and malabsorption which are the principle symptoms of IBD. In an early study in 1990 on patients attending mission hospitals in India, Nepal, Pakistan and Bangladesh, IBD was diagnosed in only 74 cases (UC 56, CD18) out of 12272 cases of bloody diarrhoea [10] . Later three colonoscopic studies from north India found IBD in 19.3% [11] and 5.5% [12] cases of lower GI bleed and in 25% cases of chronic large bowel diarrhoea [13] . With the advent of better radiologic and endoscopic modalities for visualising the small gut after 2000, CD is
Ray G. IBD in India

8124
September 28, 2016|Volume 22|Issue 36| WJG|www.wjgnet.com bowel disease (IBD) in India due to its rising incidence. This review addresses the current state of knowledge on different aspects of Indian IBD patients like epidemiology, genetics, mechanisms, clinical presentations and treatment (compared to other south Asian countries) in the context of which future areas of research is highlighted. The disease is milder in India. Well-designed population based studies are needed. To address the obscure pathogenesis and uncertain disease course (behaviour, activity, treatment response, development of cancer and prognosis) studies on mechanisms, biomarkers, advanced endoscopic techniques need to be done to decrease the morbidity burden.
INTRODUCTION
Inflammatory bowel disease (IBD) encompasses ulcerative colitis (UC) and Crohn's disease (CD), two chronic inflammatory disease of uncertain etiology affecting the gut. IBD started gaining special attention in India only after mid 1980s with wider availability of colonoscope. In the era before 1985, UC was often difficult to distinguish from more prevalent infectious colitis and CD was only reported on surgical specimens [1] and even its existence was questioned [2] . Clearly the studies had limitations as due to lack of equipments the extent and severity of bowel involvement, biopsy taking from proximal gut areas and diagnosis of superadded infections was difficult and treatment options were limited. The period 1986-2000 saw a resurgence of interest in IBD (especially UC) not only due to availability of better resources but also increased reporting of IBD in the 1 st and 2 nd generation Indian diasporas settled abroad. This period saw well described clinical studies on UC. The period 2000 -2010 saw further spread of the speciality of gastroenterology all over India with availability of even better infrastructure especially technology to visualise the small gut (capsule and balloon endoscopes). This spurred an increase in number of well documented publications on CD (and intestinal tuberculosis which made comparison easy between the two). With increase in patient awareness, spending potential and availability of health insurance, access to specialised health care became a reality at least for a section of common people who otherwise could not have afforded it. This increased the number of patients available for detailed study. After 2010 with availability of better opportunities for research in basic science focus has been on genetic aspects, deeper insight into the disease mechanisms and development of new drugs.
being diagnosed with increasing frequency. Two series on the etiology of malabsorption in 275 and 94 cases from north India, found the diagnosis in 2% cases each [14, 15] whereas in a study of 124 cases from south India, 15.3% had CD [16] . By small gut investigative modalities like capsule and balloon enteroscopy for symptoms of pain abdomen, malabsorption and obscure GI bleed (OGIB), CD was diagnosed in 12%-20% cases from south [17] [18] [19] , 11%-20% cases from east [20] [21] [22] . Thus in India the general belief is that IBD is rising and a north-south divide is apparent between UC and CD. This divide may be the result of differences in genetics, hygiene and diet (see below).
RACE
The nature of IBD in Indians as a race is well highlighted by early epidemiologic studies in the diasporas and subsequently supported by Indian studies. In the early 90s, studies on South Asians in Leicestershire [23, 24] showed increased incidence of CD in South Asians ) only but not in Europeans and other South Asians. The subjects had less number of complications and operations. In this context, it is interesting to note that the study from Punjab, a state with a Sikh majority in India, show relatively high incidence and prevalence of UC [8] . Similarly, young Asian Indians born in Britain were more likely to have IBD by 26 years age compared to indigenous Europeans (OR = 6.1, CI: 2.14-17.33) [25] and South Asians (Indians, Bangladeshis, Pakistanis) to have more pancolitis (63% vs 42.5%) and colonic CD (46.8%) but with less penetrating disease and need for surgery [26] . Other studies on Indians in Canada [27] and South Africa [28] showed that the majority had pancolitis but clinically mild disease and Canadian born patients were younger than migrants.
In a very recent analysis of 30812 IBD patients from United States diagnosed between 2008 -2013 (20308 with UC, 7706 with CD, and 2798 with indeterminate colitis), UC was more commonly associated with Indian and Jewish ethnicity and less with East Asian and Hispanic ethnicity. Similar patterns also applied to CD and to all types of IBD analyzed jointly [29] . Studies in multiracial Asian countries also project similar findings. Indians in Fiji, Singapore and Malaysia constitute the majority of cases on UC compared to the local Chinese and other races, have more extensive disease yet least number of surgery [30] [31] [32] [33] . Thus there is a rapid rise in IBD among Indians settled abroad with younger age of onset and higher incidence of pancolitis (simulating the population of their country of settlement) but yet has less clinical severity, complications and surgery indicating a benign course. This is peculiar to Asian Indians as a race compared to Europeans and other Asians. Most Indian studies (to be discussed below) also show similar features. A particular disease trait in a specific race might indicate a genetic link. The other point of note is that IBD in 2 nd generation Indian diasporas settled in the West (Europe and North America) resemble their country of settlement, but in those settled in other Asian countries, it retains features of their country of origin. This might indicate some common environmental factor in Asian countries (diet, lifestyle) which has less effect on alteration of disease expression after migration.
GENETICS
Involvement of genes in the pathogenesis of a disease can be deciphered from the disease occurrence in family members, siblings and twins. The Indian IBD task force data showed positive family history of IBD in 2.9% cases only (UC 2.3% and CD 4.6%). In one study there was no association of HLA DR and DQ with CD [34] . Studies on causative role of individual genes have only started recently in India especially with the discovery of single nucleotide polymorphisms (SNP) of 163 genes associated with IBD (at various points of its immune mechanism) in Caucasian populations (of whom NOD2 gene shows the most definite association with disease phenotype). The association of different genes with IBD in India studied till now are shown in Figure 1 . Multiple studies have negated the association of NOD2 gene with CD in India [52] [53] [54] but SNP 268Pro/Ser increased relative risk of UC (OR = 1.72, 1.14-2.52) [51] . Few studies have demonstrated relation to UC phenotype but majority show increased risk or negative association only. Specific haplotypes of MDR1 (ABC B1) gene were well associated with early age (< 29 years) of disease onset, left sided disease and steroid response in UC [48] . TNF alpha 863 AA genotype increased risk of both UC and CD, more for UC especially pancolitis. IL4 B2 carrier state was less in left sided colitis than proctosigmoiditis and absent in colonic CD [42] . Of the SNPs associated with IBD in Caucasians detected by metanalysis of GWAS studies, only 5 of 59 index ones studied in North India were found significant showing limited replication in Indians [44] and there was varying contribution to risk by the HLA region with 3 novel HLA independent risk loci for UC [38] . HLA DRB1*0103 was absent while HLA DRB1*1502 was increased in Indian UC patients compared to controls and Europeans. There was no significant difference between the ethnic groups in NOD 2 and IL23 gene [56] . Thus the common causative genes in Caucasian population are non-causal in India which could be due to differences in microbiome (the first line interact of NOD 2 gene) or secondary factors like diet, pollution, use of antibiotics and proton pump inhibitors which differentially affects the phenotypic outcome either by themselves or by altering the microbiome.
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MECHANISM
IBD results from a strong genetic predisposition on which environmental factors act to produce dysregulated gut mucosal immune response to luminal antigens (the intestinal microbiota, normal or abnormal). The genetic findings discussed above may predispose, yet the increasing number of IBD cases reported within limited period of time in India cannot be explained totally by genomic changes but provide evidence for the importance of exposure to environmental factors in disease pathogenesis. Childhood infections, lack of breast feeding, exposure to helminths, smoking, repeated use of drugs like antibiotics and proton pump inhibitors, dietary and psychosocial factors have all been implicated in IBD pathogenesis and may act by altering this balance between the gut and microbiota either by themselves or by altering the latter [61] . Childhood infections by producing tolerance of immunoregulatory T cells to external antigens early in life (immune conditioning) protects against IBD in adult life. This is exemplified by the (1) increasing incidence and earlier onset of IBD in children of Indian diasporas settled in cleaner and more hygienic environment of Europe and North America compared to their parents and counterparts settled in India as A traditional thinking in India has been that of a genetic difference between the North and South Indians which is supported by 2 studies, one undertaken by the Indian Genome Variation Consortium [57] and another from Singapore which compared the genes of two distinct migrant groups from India -the Indo-European language speaking Gujrati expatriates in United States and the Dravidian language speaking Tamil expatriates in Singapore [58] . A genetic analysis of 132 individuals of 25 diverse groups in India predicted the existence of two ancestral groups in the pre-historic India: an "ancestral North Indian (ANI)", which shared genetic affinity with the populations of the Middle East, Central Asia and Europe (30% to 70%), and an "ancestral South Indian (ASI)", which has no relation with any population outside India i.e., they were the indigenous population of India [59] . The epidemiologic features of UC in North Indians (who are supposed to have originated from the above regions as Indo -Aryans) resembling the Caucasians may reflect this fact. The caste system in India maintained this genetic distinctness due to marriages within one's own caste. But the presentday Indian populations are an admixture of both ANI and ASI as shown in a most recent study [60] .
This is an obvious outcome of rapid migration of population from one region to another in India due to socioeconomic and political upheavals brought by rapid industrialisation with increase in intercaste marriages. This might obfuscate any further chance to well as children of the local Caucasian population; and (2) increasing incidence of allergic and autoimmune diseases with decreasing childhood infection in Western epidemiologic studies [62] . The increasing incidence of CD (over UC) was first observed in Western countries as the sanitation -hygiene started improving with disappearance of helminthic (which promote Th2 response protective against CD) and other infections which is now happening in developing countries. Other pointers to this association are the increasing CD incidence in urban vs rural setting, higher vs lower socioeconomic strata and in whites vs natives. In India the highest reporting of CD comes from Kerala, a south Indian state with the highest literacy rate and better hygiene [63] . In a study from south India, T cell activation [increase in CD3(+) CD69(+) population] by hookworm antigen and interferon-γ ELISPOT responses to hookworm antigens were significantly higher in controls compared to CD patients [64] . Other studies on environmental factors are summarised in Table  1 [65] [66] [67] . In the survey by the IBD Task Force, more number of CD cases had appendicectomy though rates of smoking and oral contraceptives intake were same as UC [9] . While some of these findings are similar (less effect of smoking, presence of hot water tap and flush toilet in childhood protective for UC) to other south east (SE) Asian countries but many are not (owning pet increase risk of UC, daily tea/coffee consumption has no effect on both UC and CD) and the effect of some have not been studied (breast fed > 12 mo, antibiotic use, daily physical activity, western diet) [68] . Type of diet consumed varies widely in different regions of India. In general rice based diets are common in south and east (areas with more CD) whereas wheat is consumed more in north India (area with more UC). Studies are very few (listed in Table 1 ) and the findings need confirmation by more number of detailed community based cohort studies.
Microorganisms in pathogenesis
A number of studies have found altered number, type and location of colonic bacterial flora in IBD. Butyrate producing bacteria (Clostridium coccides and leptum) were significantly decreased in UC and differentially positive according to severity which increased with disease remission [69, 70] . A ten times increase in total bacterial count with increase in unusual anaerobes and facultative aerobes (Proteobacteria) and significant decrease in bacterial diversity from phylum to species [67] (east)
50/50
Higher intake of refined sugar Low intake of fruits More females had disease than controls; 2 Higher intake of green leafy vegetables (P = 0.05) tended towards protective association.
was noted in colonic flora of severe UC compared to mild and moderate disease [71] . Other studies found clear delineation in bacterial concentration in mucosal layer between predominant and subdominant genera between UC and CD indicating involvement of different subsets of bacteria in pathogenesis [72] and more mucosal adherence of E. coli in the colon of CD patients [73] . Other organisms that have been associated with exacerbations of UC (detected in stool in 17%-30% cases of moderate to severe disease [74] [75] [76] ) are CMV in 2.3%-15.8% cases [74, 77] . C. difficile (toxin detected in 3.4%-32% [74, [78] [79] [80] ) and rarely Giardia, Strongyloides, hookworm, herpes simplex, E.hystolytica, cryptosporidium and salmonella [74, 75] . The exact significance of these in disease pathogenesis is unclear.
In CD pathogenesis the contribution of Mycobacterium paratuberculosis remains contentious and that of Mycobacterium tuberculosis is discussed below.
CLINICAL FEATURES
The chief clinical features of IBD in India (as per the ISG Task Force data representative of the whole country) is summarised in Table 2 along with those of other countries of SE Asia and Australia (which approximates that of the West in incidence, female dominance and higher positive family history) for a comparative view [9, 81, 82] The chief similarities with SE Asia are UC more than CD, age profile (with unimodal peak for UC), male dominance, low percentage of positive family history, less effect of smoking on disease, similar disease location (except for lower proctitis and higher pancolitis in case of UC like Australia), low use of biologics, high use of 5ASA for CD and similar surgical rates (including low colectomy rates for UC). The issue of biologics vs surgery in refractory cases is a matter of debate and mostly depends on cost of hospital stay and medicines, availability of expertise and infrastructure, ability to deal with stoma care and proper follow up. The chief differences are the higher incidence of extraintestinal manifestations (EIM), disease behaviour in CD (higher inflammatory and lower penetrating disease similar to Australia), much lower perianal disease, higher use of 5ASA (similar to Australia especially for UC) and azathioprine (AZP) (compared to both SE Asia and Australia), lower current use of corticosteroids (especially for CD), no use of antibiotics for CD and a possibility of medicine discontinuation (17.5% of UC and 6.9% of CD cases). The reason is
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September 28, 2016|Volume 22|Issue 36| WJG|www.wjgnet.com Incidence per 10 5 population 6.07% [8] 0.76% 0.54% 7.33% 14% that in Indian patients steroids are used intermittently (either at induction or for flares, so 2/3 rd have history of past use [9] ), is tapered quickly to be replaced by AZP along with 5ASA as most cases are mild to moderate in severity with easy control and only few are steroid resistant or dependant. A latest study on disease behaviour over long follow up upto 15 years showed that most patients had aggressive inflammatory disease at presentation (as is the point incidence in Task Force data) which decreased over time with simultaneous increase in penetrating disease whereas stricturing disease remained stable. This was independant of age or disease location [83] . Another large series spanning 13 years showed that small intestinal CD more often followed aggressive course and needed surgical intervention [84] . Regarding higher incidence of EIM it must be mentioned that studies are very heterogenous regarding the methods (and hence the extent and minuteness) by which they are searched for and often terms like arthralgia and backache have been synonymously with EIM without proper documentation of lesions.
It was believed in the 80s that UC is a mild disease in India, the outcome variables being shorter length of colonic involvement, low rate of complications, surgery and mortality. Though in recent times there is increasing presentation with extensive disease in majority, the disease still runs a relatively benign course as reflected by easy medical control, low incidence of fulminant disease, cancer and requirement for surgery even in the longrun. This general disease pattern in Indians is reflected even in recent series published from multiracial Asian countries (see above).
The other difference in CD cases with the West is the higher percentage of OGIB at presentation representing small intestinal bleed. This is likely due to increasing presentation at younger age with aggressive inflammatory type small intestinal disease. The earliest Indian series on OGIB where small gut was visualised only by barium studies and intraoperative endoscopy, CD was confirmed in 20% [22] . Subsequent series using capsule endoscopy, single and double balloon enteroscopy for symptoms of pain abdomen, malabsorption and OGIB have respectively yielded CD in 0-38%, 0-100%, 0-19%, cases, overall being 11.3%-29.2% [17] [18] [19] [20] [21] .
BIOMARKERS IN IBD
(1) ANCA positivity has been reported in 3%-32% of UC [35, 85] and 3.8%-10% of CD [86, 87] ; (2) fecal lactoferrin is also a good marker of UC activity (sensitivity 94%, specificity 100%) being higher in cases and more severe disease and decreased in parallel with improvement of Mayo severity score with treatment [88] . It has also been suggested to reflect disease exacerbation caused by C. difficile [80] ; (3) fecal calprotectin level was found to be higher in UC than ileocolonic CD and correlate well with clinical (by Truelove-Witts score) and also endoscopic severity (by Mayo score) but not disease extent. A level of 800 mcg/gm stool best differentiated active from inactive disease [89] ; (4) positivity of ASCA in CD has been reported overall in 30%-62%, IgA in 34%-38% and IgG in 38%-50% all higher than in controls. The corresponding figures for UC were 26%-40%, 28% and 24% respectively, but only IgG ASCA was significantly lower than in CD. ASCA also does not differentiate CD from ITB [86, 87] . Thus ASCA does not appear to have diagnostic value for CD strong enough to differentiate with certainty from UC and ITB as in the West. However more studies are needed to elucidate the exact role of these biomarkers in disease definition.
COLORECTAL CANCER IN UC
Only 5 series [1, [90] [91] [92] [93] present data on UC related colorectal cancer (CRC) from India listed in Table 3 . In all the disease duration was long and there was predominance of pancolitis yet low rates of CRC. How can these facts be reconciled? The answer may lie in the fact that most of the pancolitis cases are not clinically or histologically severe and can be well controlled with medicines. The control of inflammation stops the impetus for carcinogenetic changes. The other factor may be the background low sporadic CRC rates in Asia and India possibly related to yet unidentified protective genes. (These UC related CRC rates though much lower than in the West are still higher than the prevailing low sporadic CRC rates in India). To address these issues properly, medically compliant high risk UC cases needs to be followed up for development of polyps, low grade dysplasia (LGD), high grade dysplasia (HGD), dysplasia associated lesion or mass and CRC in the sequence followed by sporadic CRC. Unfortunately the duration of disease after which screening should start and the intervals at which colonoscopy is to be done are unsettled and has to be tailored according to local conditions (15%-20% of CRC cases develop at less than10 years of disease duration). Recent studies have tried to address these issues. In the retrospective study, 5 (0.94%) developed CRC and 1 (0.19%) HGD over 25 years. Surveillance was done for 6 years. Of the 5 CRC, one each had LGD and HGD detected 5 and 3 years earlier respectively and another had LGD in rectum 1 year earlier which persisted while CRC developed in descending colon. First CRC developed after 10 years of disease. Six patients had LGD at different areas (single or multifocal) which either disappeared or did not progress in next1 to 2.5 years follow up [90] . It thus appears that development of CRC is unpredictable and may occur at site different from dysplastic areas even in synchronous manner [94] . This suggests molecular and pathological heterogeneity during multiclonal origin of UC related CRC, where UC randomly damages multiple carcinogenetic genes in epithelial cells. This also put question mark on the usefulness of strict screening protocol with respect to time interval and number of segmental biopsies. In another prospective study, only 29/41 (70.7%) eligible UC cases (55% pancolitis > 7 years and rest limited segment colitis > 10 years duration) could be enrolled for colonoscopic surveillance over 42 mo (done by magnification chromoendoscopy). Initial screening showed LGD in 5 (17.2%) and HGD in 3 (10.3%). Only 12 follow up colonoscopies could be done in 9 cases at intervals of 6-24 mo which detected 3 new LGD cases and adenocarcinoma in one HGD case [92] . This study showed surveillance to be useful but acceptance and proper follow up to be suboptimal in India. Albeit these uncertainties of disease progression, cost effectiveness and acceptability of screening protocol, it seems reasonable for surveillance to start after 8-10 years in cases of pancolitis (10-12 years for limited colitis) and subsequent intervals determined by the findings at baseline of LGD (3-5 years), HGD (1-2 years) and also by frequency of relapses, quality of medical control and the expected disease duration at initial diagnosis. In a study of culprit CRC genes, 21.4% high risk UC cases developed neoplasia, none of whom had microsatellite instability (MSI) which was found in 16.7% sporadic CRC cases. p53 mutation increased from 3.3% in low risk UC cases to 27.3% in high risk UC cases without CRC, to 50% in high risk UC cases with CRC and 33.3% in sporadic CRC. KRAS mutation was present only in presence of neoplasia but BRAF mutation was absent in all cases. Therefore the mutations are similar to the West except MSI [95] . The same group also reports increasing number of copy number variations spanning multiple chromosomes to be associated with the progression of UC to CRC from low risk through high risk cases, dysplasia cases to CRC [96] some of which are common and unique to both UC associated and sporadic CRC. These are present in 10 overlapping regions of a number of chromosomes (highest in 12p and 8q chromosome) and have overall accuracy of 29% and 54% for detecting these cancers respectively [97] .
DIFFERENTIATION OF CD FROM ITB
Indian CD patients are diagnosed after a average gap of 1 and 1/2 years from symptom onset mainly because of diagnostic confusion with ITB. The clinical,
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September 28, 2016|Volume 22|Issue 36| WJG|www.wjgnet.com Table 3 Prospective surveillance study [92] 1/29 (3.4%) 10 (7.5-14. serologic, radiologic, endoscopic, microbiogical and histologic features which distinguishes ITB from CD are discussed at length in recent review [98] and series [99] [100] [101] and the reader is referred to these articles for detailed discussion. However in spite of such in depth theoretical differentiation, 36.7% receive antituberculosis drugs at some point in their disease course [9] . This underscores the practical difficulty of differentiating the two in community setting where experts and advanced diagnostic facilities are not widely available. A recent attempt at ultrastructural and molecular differentiation can be seen e.g., (1) claudin 2 expressed in the upper part of intercellular junction with maintained tight junction in ITB compared to CD where it is increased along the whole length of intercellular junction [102] ; (2) mesenchymal cell marker CD73 being expressed only in ITB granuloma but not CD granuloma [103] ; and (3) increased expression of growth related oncogene alpha mRNA in biopsy specimen and of IL17 in peripheral blood mononuclear cells of ITB cases compared to CD whereas increased IL 1, IL 6 and IL 8 in peripheral blood mononuclear cells and increased gamma interferon, TLR 5 and 9 and decreased RANTES in biopsy specimen of CD cases compared to ITB [104] . The important questions are whether the two diseases can coexist throughout their course, or whether Mycobacterium tuberculosis initiate CD by producing altered gut mucosal immunity like other gut microbiota and more recently whether it can cause disease exacerbation in patients on immunosuppressives. It is now clear that a large portion of IBD risk loci are shared with other immunemediated diseases, primary immunodeficiencies and mycobacterial disease, pointing towards common pathogenic mechanisms between different diseases. CD is associated with genes which code for proteins involved in autophagy and innate immunity highlighting the importance of defective processing of intracellular bacteria in its pathogenesis. It is intriguing to note that seven susceptibility loci for infection with Mycobacterium leprae, including NOD2, IL23R, RIPK2 and TNFSF15, have also been associated with CD though their final effects are in different directions. It remains to be investigated whether this genetic overlap signifies a true causative role for mycobacteria in CD, or rather represent the result of convergent evolutionary adaptations to different pathogens [61] . A very recent report of intestinal tuberculosis diagnosed in a long standing case of CD on immunosuppressive and it to be causally associated with Takayasu disease is interesting enough to raise question [105] .
PEDIATRIC IBD
There are very few published series on the topic. Only very recently a multicentre questionnaire survey involving large number of pediatric cases both from north and south India have been published [106] which endorses the previous two small series only on CD from south India [107, 108] . Very interestingly the north south divide between UC and CD, clinical features, EIM and treatment results are all similar to their adult counterparts. Whereas the UC:CD ratio is 2:1 among north Indian patients, it is just the reverse among cases from south India. Pancolitis was the commonest mode of presentation in UC (70.9%) though clinically it was moderate in 84%. Eighty-eight percent required steroids of whom 43% needed AZP subsequently for maintainance in addition to 5ASA. Biologicals were used in 6 (0.8%) but 4 needed surgery. For CD, ileocolonic involvement was commonest (72.9% of whom 76.2% required AZP for maintenance) while upper GI and perianal modifiers were present in 18% each. Eighty-four percent needed steroids of whom 76.2% were maintained on 5-ASA + AZP and 12.2% were given infliximab. Twenty point four percent developed fistulae, stricture, and perforation of whom 8.2% needed surgery. The differences were (1) CD commoner than UC; (2) growth failure (76.2%, 40%) and anemia (64.7%, 43%) are common in CD, UC; (3) no gender difference in both UC and CD; (4) CD was more severe, 76.2% had moderately severe disease and 19.6 % had fulminant disease; and (5) more than 80% of both UC and CD needed steroids. Similar facts have been noticed recently in pediatric South Asian population in America also [109, 110] .
CONCLUSION
IBD occurs much more commonly in India than previously thought with incidence and prevalence topping Asian countries and approaching the lower limit of that of North Europe and America which might have involvement of both genetic (inheritance from Caucasian origin) and environmental (causal for the recent quick rise in incidence) factors. The common genes implicated in pathogenesis in the West are not causal in Indian patients and the causal environmental factors needs larger community based cohort studies to be pinpointed. There appears to be a North-South divide with UC being higher in north than south India while the situation is reverse for CD though population based studies are lacking from south India. IBD in 2 nd generation Indian diasporas settled in the West resemble their country of settlement but in those settled in other SE Asian countries retains features of their country of origin. The clinical presentation is much like other SE Asian countries (similar age and sex profile, low positive family history and effect of smoking, roughly similar disease location, high use of 5ASA for CD, low use of biologics and similar surgical rates) with some differences (higher incidence of inflammatory CD with much lower perianal disease, higher use of 5ASA and AZP and lower current use of corticosteroids). UC presents more with extensive disease not paralleled in severity clinically or histologically, follows benign course with easy medical control and low incidence of fulminant disease, cancer, complications, and surgery. This specific disease behaviour in Indians as a race might also be genetically determined with environmental modifiers. UC related CRC develop in an unpredictable manner with respect to disease duration, site and dysplastic areas questioning the validity of strict screening protocol. The diagnostic confusion of CD with ITB is still prevalent and in spite of multiple investigations for differentiation, about a third of CD patients still get antituberculosis drugs. A significant number of CD cases presents with small intestinal bleed where the disease predominantly affects with aggressive inflammation. A significant number require surgery in the longrun. Biomarkers have inadequate diagnostic sensitivity and specificity for both. Pediatric IBD tends to be more severe than adult.
FUTURE
Presently there is scarcity of well-designed population based studies from India to authenticate the apparent temporal rise and the regional differences in incidence and prevalence of IBD. These have to be undertaken from different parts of the country, especially from south where CD seems to be highly prevalent compared to north. Ideal epidemiologic study should ensure universal accessibility to health care, a population based sample, standardised case definition, relevant database/registries with appropriate validation and prospective data collection [6] . Most published studies are hospital based which are likely to underestimate incidence as more severe disease is only seen. But there might be true increase in incidence due to rapid industrialisation, urbanisation and change in diet and lifestyle. With rapid mixing of population all over India forced by political and socioeconomic factors, the genetic distinctness and hence disease phenotype is also likely to change and may further obfuscate the unclear present scenario. Fortunately IBD has not yet attained the dimension of a pressing public health problem and hence it is difficult to visualise active participation of government in addressing its problems in near future. Yet as people live long with the disease, the morbidity burden is going to rise and patients will mandate special support in the longrun from all specialities involved in the management of this complex disease (gastroenterologist, surgeon, radiologist, nutritionist, stoma care specialist, pathologist) which will skyrocket cost of treatment. The government, national and state societies (ISG, SGEI) and other related foundations (CCFI) can cooperate to establish proper registries, conduct well designed epidemiologic studies, set up patient care centres (IBD centres) in different states where patients needing lifelong special care can get support at affordable cost. Case definition and treatment protocol needs to be standardised, widely circulated and adherence ensured. It will also be the responsibility of physicians to refer appropriate cases early to IBD centres. Newer biomarkers and diagnostic modalities needs to be made generally available for proper diagnosis in all aspects of the disease. Treatment options (both existing and newer) needs to be tested rigorously in randomised controlled trials (RCT) especially costly drugs like biologics, ciclosporin and others to define appropriate use of each (especially in view of the milder disease in India) to avoid unnecessary spending by patients. In a low prevalence country like India, the usefulness and feasibility of screening for CRC surveillance has to be carefully addressed. The disease duration after which the surveillance should start, the frequency of follow up, type of endoscopy to be used (magnification, chromo, confocal endomicroscopy) and the number and colonic areas of biopsy has to be fixed. Considering the low patient number, options will be difficult to test in RCTs.
Lastly some of the problems facing IBD management all over the world, not the least in India, has to be addressed also. These are (1) an obscure pathogenesis which prohibit formulation of uniform diagnostic and therapeutic strategies; (2) uncertain disease course including behaviour, activity, treatment response, development of cancer and prognosis; and (3) differential diagnosis of unclassified IBD colitis.
IBD results from an interplay of host genetic factors and environmental factors with the multiple microbial ecosystems present in different areas of the human bowel (both luminal and mucosal). Mucosal surface of the intestinal tract (which is continuously exposed to a large number of microorganisms) produce a diverse array of antimicrobial proteins, some constitutively and some in response to invasion of pathogens or enteric microbiota into the mucosal barrier. An interplay of diverse pathogenetic pathways (both stimulatory and regulatory) first produce an array of mucosal inflammatory mediators (inflammasome) for control of offending bacteria which are downregulated after elimination of the offence so that host tissues are not damaged. IBD occurs when these regulatory pathways go awry predisposed by genetic abnormalities. Basic research regarding intestinal inflammation may reveal new insights into the role of the inflammasome, and the macromolecular complex of metabolites formed by intestinal bacteria (metagenomics) which will lead to the development of biomarkers that target specific pathogenic mechanisms of IBD. The advanced knowledge of antimicrobial protein expression in IBD can lead to its potential use as biomarkers for disease activity and also help in analysing the pathophysiology of IBD from their mechanism of protection against pathogens.
Biomarker also have great potential role in all phases of care of IBD patients. For those with suspected IBD, biomarkers can select patients unlikely to have IBD for whom further testing may be avoided. In diagnosed cases, biomarkers can be used to (1) determine the type of IBD and to predict disease course; (2) identify patients most likely to respond to therapies and those that may require more aggressive therapies, thus determining the prognosis; and (3) differentiate patients with active inflammation from those likely to have symptoms from other causes in patients with recurrent symptoms.
As treatment strategies (medical and surgical) and prognostic outcomes become more and more diseasespecific, refinement in disease classification becomes mandatory. The present approach based on clinical features, existing biomarkers, radiology, endoscopy and histopathology falls well short of the desired target. On the contrary, emerging diagnostic techniques in the field of gastrointestinal endoscopy, molecular pathology, genetics, epigenetics, metabolomics and proteomics is showing promising results. Novel advanced endoscopic imaging techniques (like magnification endoscopy, chromoendoscopy, narrow band imaging, confocal microendoscopy, etc.,) and biomarkers can shed new light for the differential diagnosis of IBD, better reflecting diverse disease behaviours based on specific pathogenic pathways.
Hence progress in basic research is most important in India and should focus on identifying the genetic links and pathogenetic mechanisms of Indian IBD patients. Already studies have shown that the common genetic mutations associated with CD in the west are absent in Indian patients, novel mutations are being discovered and it is likely that pathogenetic mechanisms and hence treatment approach will not be the same as in the west. This will have to be aided by progress in the fields of "OMICS" (genomics, metagenomics, cellomics, proteomics, metabolomics), endoscopy and molecular pathology. Also detailed community based cohort studies are needed to define the causal environmental factors and these should include the effects of (1) highly prevalent diabetes mellitus; (2) increasing obesity; and (3) repeated use of antibiotics and prolonged use proton pump inhibitors, all of which are known to alter the gut microbiota and can be involved in disease pathogenesis.
